The oxidative cyclization of 3,4-dimethoxyphenyl 3,4-dimethoxyphenylacetate, through intramolecular biphenyl bond formation, was successful and gave the target seven-membered lactone in good yield (85-86%). All other ester substrates gave biphenyl products or their further oxidized products via intermolecular coupling of their radical cation intermediate with the neutral substrate. It appears that matching of the oxidation potentials and nucleophilicity of the two phenyl rings, the positioning of the ring substituents and the ease of E to Z isomerization about the ester C-O bond are important factors contributing to these product outcomes. Abstract: The oxidative cyclization of 3,4-dimethoxyphenyl 3,4-dimethoxyphenylacetate, through intramolecular biphenyl bond formation, was successful and gave the target 7-membered lactone in good yield (85-86%). All other ester substrates gave biphenyl products or their further oxidized products via intermolecular coupling of their radical cation intermediate with the neutral substrate. It appears that matching of the oxidation potentials and nucleophilicity of the two phenyl rings, the positioning of the ring substituents and the ease of E to Z isomerization about the ester C-O bond are important factors contributing to these product outcomes.
procedure was far more convenient than the one using hygroscopic Ce(OH) 4 , even though this reagent gave a slightly higher yield (86%) of 2 ( Table 1 , entry 6). Thus the PIFA method and that using TTFA (Table 1 , entry 5) were employed in subsequent oxidative coupling reactions.
The results of the oxidative couplings of the substituted phenyl phenylacetates 1b-f with TTFA or PIFA, under the conditions shown in Table 1 , are summarized in Scheme 3 (the yields in brackets refer to the reactions with TTFA and PIFA, respectively). Unlike the reactions of 1a, none of these substrates gave the desired intramolecular cyclization product the biphenyl 4e, formed via the intermolecular coupling of the more electron rich dimethoxysubstituted phenoxy ring, followed by further oxidation of the biphenyl ring system and then hydrolysis to give a para-quinone (see Scheme 4 for more details).
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The ester 1f, having only one methoxy group on each aromatic ring, was unreactive to the PIFA oxidative conditions. The structure of 3c was confirmed by a single crystal X-ray study ( Figure 1 ;
CCDC 647893). The simpler esters 5 and 7, representing the phenylacetate and phenoxy ring moieties of 1a-d and 1e, respectively gave the related biphenyl product 6 and the para- Notably, 1b, the isomeric 3,5-dimethoxyphenyl ester of 1a failed to provide the corresponding cyclization product analogous to 2, even though the phenoxy ring of 1b had the same number of activating methoxy groups as 1a. Two possible mechanisms for the formation of 2 from 1a are shown in Scheme 5. In the first mechanism, the radical cation 
Oxidative coupling reactions of substituted phenyl benzoates
Treatment of the substituted phenyl benzoates 11a-c (R 5 = OMe) with PIFA under similar reaction conditions as applied to 1a-f, provided the para-quinones 12 a-c in variable yields (Scheme 6). Treatment of 11b with TTFA also provided the quinone 12b, whereas the esters 11a and 11c gave the corresponding biphenyls 13a and 13c, respectively (Scheme 6). These products were a result of the initial oxidation and dimerization of the more electron rich 3,4-dimethoxyphenoxy ring. In contrast the esters 11d,e (R 5 = H) having only one methoxy group of the phenoxy ring, but in the case of 11d three methoxys on the benzoate ring, gave no isolable oxidation products and in each case the starting ester was recovered (24-57%). These latter results indicated that both the trimethoxybenzoate and the 3-methoxyphenoxy rings in 11d,e were too deactivated (the former by the carboxylate group) to undergo smooth oxidation. The analogous tetramethoxy substituted benzamide 14 (R = H) to 11a was reported to give the corresponding biphenyl 15 (R = H) through dimerization of the more electron rich aniline ring, while its N-methyl derivative 14 (R = Me) gave the cyclization product 16 (Scheme 7).
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The unsuccessful cyclization of 14 (R = H) has been attributed to the inaccessibility of the scis (E) amide isomer that is required for cyclization. While oxidative cyclization of the esters 1 and 11 would also require them to adopt the energetically less favourable s-cis (E) isomer this isomer is more readily accessible in the case of esters (E-Z energy difference 18-22 kcal mol -1 for amides and 5-6 kcal mol -1 for esters) 37 but may also be a contributing factor in the lack of cyclization products being produced from oxidation of these ester substrates. This effect would be more pronounced in the phenyl benzoate ester 11a when compared to 1a, since the s-cis (-E) isomer would be of higher energy due to the closer proximity of the two phenyl groups. None of the desired cyclization products, or the corresponding biphenyls could be detected from analysis of the crude reaction mixtures. In contrast, the 3-methoxybenzyl ester 17d was less prone to oxidative cleavage and gave the biphenyl 18 in 45% yield using PIFA. Oxidative coupling of 17d had occurred through the more electron rich 3,4-dimethoxyphenylacetate aromatic ring.
Scheme 7

MeO
The structure of 18 was confirmed by a single crystal X-ray analysis ( Figure 3 ; CCDC 647895). In conclusion, the oxidative cyclization of the ester 1a, through intramolecular biphenyl bond formation, was successful and the target 7-membered lactone 2 was obtained in good yield (Ar-C-1'), 113.1 (Ar-C-H-6'), 107.2 (2 x Ar-C-H-2, 6), 106.1 (Ar-C-H-3'), 60. 
Scheme 8
Di-(3,4-dimethoxyphenyl) 3,3'-(4,4',5',5'-tetramethoxybiphenyl-2,2'-diyl)dipropanoate
20.
The title compound was prepared in 24 % yield (yellow film, 24 mg) from 19 (100 mg, 0.28 Comment. The molecule is disposed about a crystallographic 2-axis, one half comprising the asymmetric unit of the structure. In the present and following structure, 'Friedel' data were merged in the refinement. 
Synthesis of Esters
E (V)
NMR  77.00 ppm). 1 H NMR assignments were achieved with the aid of gCOSY, and in some cases NOESY and TOCSY experiments. 13 C NMR assignments were based upon DEPT, gHSQC and gHMBC experiments. * Indicates individual OMe resonances were not assigned.
3,4-Dimethoxyphenyl 3,5-dimethoxyphenylacetate 1b
The title compound was prepared in 92 % yield (cream solid, 497 mg) from 3,4-dimethoxyphenylacetic acid (318 mg, 1.6 mmol) and 
3,4-Dimethoxyphenyl 3-methoxyphenylacetate 1c
The 
3,4-Dimethoxyphenyl 4-methoxyphenylacetate 1d
The title compound was prepared in 86 % yield (white solid, 848 
3,4-Dimethoxyphenyl 3-methoxyphenylacetate 1e
3-Methoxyphenyl 3-methoxyphenylacetate 1f
The title compound was prepared in 91 % yield (pale oil, 702 mg) 
3,4-Dimethoxyphenyl 2,3,4-trimethoxybenzoate 11b
3-Methoxyphenyl 2,3,4-trimethoxybenzoate11d
The title compound was prepared in 98 % yield (white solid, 735 mg) 
4-Methoxybenzyl 3,4-dimethoxyphenylacetate 17b
3-Methoxybenzyl 3,4-dimethoxyphenylacetate 17d
The title compound was prepared in 84 % yield (waxy cream solid, 678 mg) from 3,4-dimethoxyphenylacetic acid (546 mg, 
3,4-Dimethoxyphenyl 3,4-dimethoxyphenylpropanoate 19
The title compound was prepared in 82 % yield (waxy solid, 648 mg) from 3-(3,4-dimethoxyphenyl)propanoic acid (524 mg, 2. NMR data was not reported. 
